ABSTRAcT purpose. To determine the energy expenditure in dancers and the nature of energy transformations which take place during a simulated final round of sports dance competition in standard style. methods. The study involved 6 sports dancing couples in highest dance classes (4 couples in S class, 2 couples in A class) according to WDSF (World Dance Sport Federation). There were two phases of the study. The first phase was to determine anthropometric indices, the second -to carry out a simulation of a tournament round in standard style. During a simulated final round of sports dance competition, heart rate (HR) and lactate concentration (La -) were measured, respiratory indicators were recorded (VO 2 , VcO 2 , RER), and energy expenditure was calculated. results. The VO 2 values rated during each round differed statistically significantly between the group of men and women, (34.59 ± 3.82 ml · min -1 · kg -1 and 44.18 ± 4.34 ml · min-1 · kg -1
Introduction
Sports dance is a type of motor activity including elements of both artistic expression and sports competition. The current formula of this discipline includes ten different dances divided into two categories called styles. There are two styles: Latin dance and standard dance. The standard style dance includes five consecutive dances: English waltz, tango, Viennese waltz, foxtrot, and quickstep [1] [2] .
The uniqueness of sports dancing as compared with other sports disciplines lies in great diversity of movement forms which need to be performed in a strictly defined musical framework. Each dance has its individual character depending on the pace and expression of a particular piece of music. It is expressed by performing complex movement sequences with variable speed, dynamics and sudden changes of direction. Dance steps are a combination of such movements as gaits, runs, jumps, forward steps, kicks and turns carried out within a small distance between partners, in full contact of partners' torsos and hands, and in full mutual synchronization of steps [1] [2] [3] [4] .
Sports dancing competitions include several preliminary rounds. The number of rounds can reach six in one day. Each round consists of five consecutive dances, each with a duration of 1.5-2 minutes except for Viennese waltz and Jive which last for 1-1.5 minutes. [1, 2, 5] . Because of the differences in the number of rounds in standard dance tournaments and diversified sports level of the study participants, it is difficult to estimate the mean or total energy expenditure in one competition. Therefore it seemed reasonable to determine the energy expenditure in the final round as an element of the standard style competition. Previous dance studies included an assessment of the physiological response of an organism to the effort taken during a simulated round or sports dance competition [6, 7] .
In some papers issues related to energy expenditure during dancing were discussed [8] [9] [10] [11] [12] . To assess the amount of oxygen taken and energy used, various research tools and methods were applied, including non-calorimetric ones in which energy expenditure was estimated on the basis of a linear relationship between the effort intensity, heart rate, and oxygen uptake [9] . Some of them showed the divergence between the results obtained based on the correlation of pulse and oxygen uptake and the results obtained based on energy expenditure evaluation made using indirect calorimetry [13, 14] .
Dance study papers show that many authors are interested in the assessment of physical fitness, energy expenditure, and general physical preparation of dancers specializing in various dance types [15] . Nevertheless, the papers there is no study of contestants specializing in sports dance of the standard type [6, 16] .
In the light of the above information, the goal of the study was to determine the energy expenditure, nature of energy transformations, and the physiological response during the dances simulating the final round of the sports dance competition in standard style.
Material and methods

characteristics of the respondents
The study was performed among a group of six sports dancing couples -6 men and 6 women aged 19-25. The study participants were active dancers engaging in national and international competitions. Each participant specializes in standard style and had A or S dancing class (4 couples in S class, 2 couples in A class) according to the classification of the World Dance Sport Federation. The mean training period for the analysed group was 12.4 ± 3.0 years. The study participants trained 13.2 ± 5.3 hours a week (one training unit was approximately 2.8 ± 0.3 hours).
Research protocol
The studies were conducted in accordance with the principles of Helsinki Declaration regarding for the conduct of clinical trials in humans. The study participants were advised about the goal and the course of the research, and expressed a written consent for their participation. The athletes had valid sports medical test results, which was a condition of accession to stress tests.
During the first stage of the research, all study participants had their anthropometric indices determined: body height (BH), body mass (BM), fat mass (FM), and lean body mass (LBM).
Body mass and structure was determined with bioelectrical impedance method using a Jawon Medical body composition analyser, model IOI 353 (Korea), and body height was measured with a Martin anthropometer (USA) with accuracy up to 1 mm.
During the second study phase, a simulation of a tournament round in standard style was carried out under the conditions typical of the sports dance competition finals. During the simulation, basic respiratory parameters were measured based on the analysis of the exhaled air (direct measurement): oxygen uptake (VO 2 ), exhaled carbon dioxide volume (VcO 2 ), respiratory exchange ratio (RER). Parameters were recorded on an continuous basis.
The measurements were carried out using a portable ergospirometer, START 2000M from MES (Poland). Heart rate was recorded via telemetry using sport-tester S-610i, Polar, (Finland). Energy expenditure (EE) was determined by a portable ergospirometer START 2000M from MES (Poland). Energy expenditure was calculated using the ergospirometer's firmware by MES (Poland). The simulated final round of sports dance competition covered the following sequence of five dances with 30s breaks: English Waltz, Tango, Viennese Waltz, Foxtrot, Quickstep. Each dance lasted 1 minute 40 s, except for the Viennese Waltz (1 minute 20 s). Before the simulated tournament round and after completing each dance, capillary blood was collected from a fingertip to measure the lactate concentration.
The lactate concentration was measured in plasma by an enzymatic method using a Lactate PAP set from BioMérieux (France), and a Spekol 11 spectrophotometer, carl Zeiss Jena (Germany). Reference values for arterial blood: 0.5-1.6 mmol · l The study participants performed dance efforts in a sports hall during morning hours, at least 2 hours after a meal, dressed up in a uniform equivalent to the one used during the competition. Before the round, participants engaged in a 5-minute warm up.
Statistical analysis
All the calculations and analyses were carried out in Statistica 10.0 for Windows, by StatSoft (USA). After determining mean values and standard deviations, the distribution was tested for normality using ShapiroWilk test.
To examine the differences between the studied groups of men and women, as well as differences of various physiological indicators among individual dances, MannWhitney U test was used. To examine the differences among subsequent dances in the group of women and the group of men, variance analysis (ANOVA) with repeated-measure factor was used. The results were recognized as statistically significant at the level of p < 0.05. Table 1 shows the mean values of the selected somatic parameters of the study participants.
Results
All the somatic indicator values differed statistically significantly between the groups of women and men.
The mean values of one minute oxygen uptake (VO 2 ), heart rate (HR) and respiratory rate (RER) are shown in Table 2 .
The mean values of one minute oxygen uptake and the heart rate differ statistically significantly for each subsequent dance between the group of women and men. Furthermore, significant differences were observed in the group of male dancers in the oxygen uptake and heart rate between English waltz and Viennese waltz (p = 0.01, F = 2.81), and between English waltz and quickstep (p = 0.02, F = 3.11).
In the group of female dancers, significant differences in oxygen uptake (p = 0.02, F = 5.27) and in heart rate (p = 0.01, F = 18.7) were observed only between English waltz and quickstep (Table 3 ). A -English waltz, B -tango, c -Viennese waltz, D -foxtrot, E -quickstep, VO 2 -one minute oxygen uptake, HR -heart rate, -men, -women, * p < 0.05 difference between a group of and (p -) and among individual dances, ± SD -arithmetic mean and standard deviation Table 4 shows energy expenditure (EE) values after completing subsequent dances in the group of women and men. The EE results for each dance differed statistically significantly between the group of women and men. Statistically significantly differences were observed between subsequent dances (A-c, p = 0.02, F = 19.41 and A-E, p = 0.03, F = 2.59 in the group men and A-E p = 0.03, F = 1.97 in the group of women). Energy expenditure had the highest values during quickstep both in the group of male and female dancers (Table 4) . Table 5 shows mean lactate concentration and lactate increments between subsequent dances.
Discussion
The results of the studies conducted showed that the somatic features of the study participants (FM, LBM) were similar to those of the dancers covered by other authors' studies on similar subjects [17, 18] . Bria et al. [19] in theirs studies conducted in sports dancers showed no significant correlation between one minute oxygen uptake and heart beat in simulated dance rounds. They explained it with great variation of HR determined by the impact of external or psychological factors which can impact the obtained HR values during the dance. The authors reasoned that the heart rate should not be the only credible variable used to determine the amount of oxygen uptake VO 2 and to estimate the energy expenditure during the dance. The results obtained in this study with the direct assessment of oxygen uptake allow for a precise assessment of the energy expenditure in athletes based on credible measurement data used in studies using the calorimetric method.
considering the fact that dance has only limited influence on physical fitness [12] , the values of the measured oxygen uptake were used in reasoning about metabolic features in the study participants. The mean one minute oxygen uptake measured during the simulation were slightly lower than in other authors' studies Table 5 . Average concentration and increments of lactate after each of the dances during a round simulation , and among dances, ± SD -arithmetic mean and standard deviation [5, 8, 19] . Bria et al. [19] measured the values of VO 2 of approximately 45.8 ± 6.0 ml · min -1 · kg -1 in men and 38.0 ± 8.5 ml · min -1 · kg -1 in women. The obtained results of energy expenditure during a simulated final round of sports dance competition allow for concluding that both for men and women the effort related to sports dance was very high. Dancers consumed the most energy at the end of the tournament round, during the last dance. The values reflecting the mean energy expenditure per work performed amounted to 0.20-0.26 kcal · kg -1 · min -1 in men and 0.19-0.21 kcal · kg -1 · min -1 in women, which indicates that it was higher than in other dance forms [11] [12] [13] and was closest to the folk dance (0.18 kcal · kg -1 · min -1
) [20] . Similar results of the same indicators in individual dances were obtained in previous studies by Liiv et al. [5] . In turn, Bria et al. [19] showed that the greatest loads, expressed in energy expenditure in the group of men dancing in standard style, were observed in the middle of the round, in Viennese waltz. Other researchers reached similar conclusions in their papers, also classifying sports dance as a very heavy physical activity [8, 9] .
To refine the reasoning on metabolic features of the study participants during the final round of sports dance competition, in addition to energy expenditure, the measurements of the respiratory exchange ratio (RER) and the lactate concentration have been analysed. The mean value of RER for the whole simulated dance round was 1.08 ± 0.07 in male dancers and 1.06 ± 0.07 (p = 0.51, F = 0.80) in female dancers. This indicates a domination of anaerobic nature of metabolic transformations in obtaining energy during a simulated round of sports dance competition. These results were additionally confirmed by an increased lactate concentration after the end of the dance round. Bearing in mind the short break breaks between individual dances (30 seconds), which take place during sports dance competitions and which also took place in our studies, it can be accepted that the total accumulation of lactate in blood reveals after the end of the dance round in standard style. In our studies, the lactate concentration after the last dance was 13.3 ± 2.7 mmol · l -1 in men, and 12.9 ± 2.1 mmol · l -1 in women. The lactate concentration measurements after the end of the simulated final round were slightly higher as compared with the results obtained by other authors in similar studies [5, 8, 19, 21] . At the same time, it should be noted that the athletes included in the quoted papers were ranked higher in the general WDSF ranking, which might suggest that there is a correlation of the fitness level, results achieved, and the level of physical endurance in sports dancers. A similar relationship was shown by Guidetti et al. [22] who noted that less advanced dancers had a higher component of anaerobic metabolism of energy processes as compared with more advanced dancers. A the same time, Liiv et al. [5] and Klonova et al. [23] did not find a correlation between VO 2 max values in contestants and their international ranking position. However, it should be noted that they did not analyse technical skills of individual dancers which are also subject to assessment by judges, and also influence optimizing the use of energy resources during physical activities. What is more, the final result and rank depends on the judges' scores, as it is the case in figure skating or artistic gymnastics. Despite the guidelines and couple evaluation schemes clearly defined by regulations, scores are issued on the basis of individual experience and knowledge of judges, and therefore include some elements of subjective assessment. Nevertheless, this does not change the fact that the measured values of one minute oxygen uptake, energy expenditure, and lactate concentration show how high the level of physical preparation should sports dancers feature. Thus based on the obtained results, it should be concluded that in addition to the training units that help develop the elements of the dance technique which currently dominate in the process of dancer preparation, athletes should also employ such training methods which in a carefully planned manner would shape appropriate capacity components in them, both aerobic and anaerobic.
Other researchers reached similar conclusions [5, 20, 24] . Liiv et al. [19] postulated that a high level of aerobic capacity is essential to competing in sports dance at the highest level. Maciejczyk and Feć [20] made similar observations in their paper on folk dancers. The also stressed the necessity of shaping both aerobic and anaerobic characteristics of physical capacity. Bria et al. [19] showed that sports dancers should use more specific training programs to improve an inadequate level of aerobic capacity and low tolerance of body acidification, as these two have a direct influence on scores in competitions. Similar problem of inadequate preparation of athletes for making efforts in other dance areas was pointed out by Wyon and Redding [25] , and Guidetti et al. [22] . Also Blanksby and Reidy [9] , as a result of the obtained data, put special emphasis on the importance of the physical preparation of dancers, although their values of individual indicators during dance were lower than those measured in this work.
The results of this study are of great importance for ballroom coaches and dancing instructors dealing with youth sports at each qualification level. A large amount of physical strain which occurs when participating in sports competitions should encourage trainers and instructors to develop comprehensive training programs which would take into account the nature of the work occurring during the standard dance competition. The results of this study should contribute to the development of integrated training plans covering not only specialized training, but also a comprehensive preparation.
